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Abstract 
A multipronged hydrochemical approach was applied to assess the hypothesised discharge of 
Great Artesian Basin (GAB) groundwater in the Lockyer Valley and the inferred eastward flow 
of groundwater in the GAB, to the east of the Great Dividing Range. Four field trips were 
undertaken to collect surface water samples from a range of creeks across the study area. 
Physical parameters, major ions, trace metals, stable isotopes and radon were assessed. Field 
sample data and groundwater bore data from the Queensland Government Groundwater 
Database were analysed and used in combination with geological and hydrogeological 
knowledge of the region as the basis for the study, with the goal of generating a better 
understanding of the local and regional groundwater systems. An area of mixing between the 
Clarence-Moreton Basin aquifers of the GAB and the overlying alluvial aquifers was inferred 
in the locality of Soda Spring and Lockyer Creeks. Soda Spring Creek samples were shown to 
be Na-Cl dominant and align closely with the water chemistry of Clarence-Moreton Basin 
formations. Soda Spring Creek samples also had the highest TDS values of 6000 and 5300ppm 
and were shown to be unevaporated, indicating non-alluvial origin. It was concluded that Soda 
Spring Creek waters are of mixed origin and likely partially comprised of water from the GAB. 
This helps increase the overall understanding of flow directions and mixing in this region and 
the connectivity between the Surat and Clarence-Moreton Basins.  
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1. Introduction 
The Great Artesian Basin (GAB) is Australia’s largest groundwater basin and one of the largest 
groundwater basins in the world. It extends across one-fifth of the Australian continent, 
underlying parts of Queensland, New South Wales, South Australia and The Northern Territory 
(Figure 1) (Smerdon, Ransley, Radke, & Kellett, 2012). The GAB is divided into four major sub-
basins, the Western Eromanga Basin, the Central Eromanga Basin, the Carpentaria Basin and 
the Surat Basin. The Surat Basin has been the focus of many studies over the last decade, 
primarily due to the exploration of coal seam gas from the Walloon Coal Measures, the 
potential impacts of this on the other aquifer sequences in the basin and the increasing 
demand and competing water use interests between industry, town supply and agriculture. 
Most of these studies focused on the northern Surat Basin (La Croix et al., 2018; Office of 
Groundwater Impact Assessment, 2016; Pearce et al., 2018; Raiber & Suckow, 2017; Suckow, 
Raiber, Deslandes & Gerber, 2018). Currently the southern Surat Basin is poorly understood 
and connection to the north and in particular the Clarence-Moreton Basin in the south east 
are of great scientific interest. While traditionally groundwater was thought to recharge along 
the eastern margin of the Surat basin and flow directly towards the centre of the basin, newly 
obtained data suggest that there are many flow diversions in the marginal areas of the Surat 
Basin and a possible connection in the south to the Clarence-Moreton Basin, potential 
discharge to this area cannot be excluded. The Lockyer Valley is part of the Clarence-Moreton 
Basin and as such there is the question of a possible connection to the southern Surat Basin 
in the west of the valley. A number of known springs in the Lockyer Valley, such as Helidon 
Spa and Soda Spring, discharge Na-HC03/Cl type water which is typical of waters found in the 
Surat Basin, while most shallow alluvial groundwater in the Lockyer Valley is of Mg/Na-Cl type 
(Cox & Wilson, 2014; Pearce et al., 2007). It is also believed that some stream systems receive 
groundwater discharge that derives from deeper geological units. Furthermore, extrapolating 
groundwater head distribution from one of the major aquifers in the Surat Basin, the Precipice 
Sandstone, into the Lockyer Valley suggests that groundwater heads would be above the 
250m elevation mark in the Lockyer Valley, if a connection between the two systems was in 
place. Investigating this possible connection is of high importance as it would change the 
conceptual understanding of groundwater flow in the southern Surat Basin and have 
implications on water use in the area.  
Groundwater resources in the GAB support many activities including agricultural, pastoral, 
mining and extractive industries as well as inland population centres. As demand for 
groundwater continues to grow properly managing these groundwater resources and the 
competing interests for them requires a better understanding of them (Smerdon et al., 2012). 
Results of previous studies in the region have shown that hydrogeological processes are 
complex notably due to the mixing of various water sources (Cox & Wilson, 2014). A better 
understanding of these processes would allow for more informed future decision making on 
water resources in the region.  
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Figure 1. The Geographic extent of the Great Artesian Basin, its sub-basins and overlying surface water drainage 
divisions. Note that the Clarence-Moreton Basin is not shown but lies immediately to the east of the Surat Basin 
(Smerdon et al., 2012). 
 
This study aimed to determine if creeks or springs in the Lockyer Valley region are being fed 
by groundwater discharging from the deeper GAB units and to demonstrate the existence of 
a groundwater divide between the Surat and Clarence-Moreton Basins. We hypothesised that 
the connection of springs and creeks with deeper GAB aquifers would produce a water 
chemistry that is different from rainfall and from the groundwater in the shallow alluvial 
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groundwater bores in the study area. For this reason, we sampled a number of natural springs 
and creeks along their flowpaths where we estimated the hydraulic head of the deeper 
aquifers to intersect the topographic elevation. Samples were taken for major ion chemistry 
and trace elements as well as radon and the stable isotopes δ18O, δ2H and δ13C. 
This study will help increase the overall understanding of groundwater flow directions and 
mixing in this region and the continuity between the hydrogeological units in the Surat and 
Clarence-Moreton Basins. It is thought that a basin divide occurs through the Great Dividing 
Range around Toowoomba (Figure 2), to the best of my knowledge little is understood about 
the exact characteristics of this divide, this work will help to better define and understand this 
divide and the potential eastward flow of GAB water in the Helidon/Lockyer Valley region. This 
will, in turn, add to the overall understanding of the GAB water resource in this area.   
 
Figure 2. Elevation of the base of the Hutton Sandstone, estimation of the Helidon Ridge and potential 
groundwater divide (Kellett et al., 2012). 
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1.1 Background 
 
The GAB has long been a significant water resource for large, arid areas of Australia. Springs 
of the GAB provided essential water for the survival of the Aboriginal people who historically 
inhabited inland Australia (Smerdon et al., 2012). In the 1800’s European explorers and 
settlers used these same springs to traverse and settle inland Australia. In the late 19th century 
the first Artesian well was drilled into the basin and by the early 20th century over 1500 
artesian bores had been sunk into the GAB, leading to a basic understanding of its shape and 
characteristics (Smerdon et al., 2012). Since this time the GAB and its hydrogeological 
characteristics have been progressively studied.   
Audibert (1976) first recognised that the many aquifer layers of the GAB did not conform to a 
simple ‘layer cake’ aquifer system and that the formations were all interconnected to some 
degree. This concept was followed up by a review of the GAB by Habermehl (1980) in which 
the GAB was conceptualised as a single massive continuous groundwater flow system with all 
units considered to be laterally continuous across the extent of the basin. In this 
conceptualisation surface water is thought to recharge the GAB along its eastern margins and 
flow to the discharge zones in the south-west. Groundwater is thought to get progressively 
older along flow paths from the east to the south-west of the basin. This conceptualisation 
has been long-standing and forms the basis of many water management plans.  
Since this conceptualisation by Habermehl (1980) numerous studies have attempted to 
determine groundwater flow rates by determining the age of groundwater (Bentley et al., 
2000; Collerson et al., 1988; Love et al., 2000; Torgersen et al., 1991) and trends in 
hydrochemistry (Radke et al., 2000) across the GAB. These studies have identified that the 
GAB is more complex than Habermehl (1980) described.  
It is now understood that the GAB is a complex groundwater system that is difficult to visualise 
and describe. It is comprised of many rock layers of predominantly sandstones, siltstones and 
mudstones with both permeable and impermeable units that transmit and restrict 
groundwater flow to varying degrees (Smerdon et al., 2012). Due to its size the GAB 
encompasses several geological basins that were deposited at different times from 200 to 65 
million years before present. These geological basins overlie deeper, older geological basins 
and, in turn, have newer surface drainage divisions situated on top of them (Figure 1) 
(Smerdon et al., 2012).  Interactions between the GAB and these underlying and overlying 
systems further increases the complexity and difficulty in understanding of the GAB (Smerdon 
et al., 2012).  
The geological basins encompassed within the GAB are the Eromanga, Surat, Clarence-
Moreton and Carpentaria basins. These basins share a similar depositional history and tectonic 
evolution but differ slightly in rates of subsidence and deposition (Smerdon et al., 2012). These 
differences have helped to create the shape of the hydrogeological basin that we see today. 
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In order to assess water availability and provide guidance to water policy and resource 
planning a greater understanding of the complexities of the GAB must be considered 
(Smerdon et al., 2012). One such complexity is the connection with underlying and overlying 
systems and the rate and direction of groundwater movement between the GAB and these 
systems. These interactions are currently poorly understood and require further research 
(Smerdon et al., 2012). 
At a more localised scale the Lockyer valley is an important area of crop production built on 
intensive groundwater-based irrigation. The Lockyer valley supplies approximately 35% of 
Queensland’s irrigated vegetable crops as well as fodder and small crops. 80% of irrigation 
supply comes from groundwater with an estimated annual withdrawal of 45,000ML (Cox & 
Wilson, 2014). This agricultural demand has placed a great deal of strain on groundwater 
resources and there is now a trend of increasing salinity in many parts of the valley. In the 
past, droughts have had a severe impact on irrigation leading to vast spatial and temporal 
variations in water quality and availability (Cox & Wilson, 2014).   
A water resource assessment for the Surat Region by Smerdon & Ransley (2012) stated that 
“it is important to understand water systems in order to guide water policy making and water 
resource planning and assess the anticipated impacts of climate change, catchment 
development and increasing ground water extraction. Policy making and planning requires 
choices and balancing of environmental, social and economic outcomes, these decisions are 
best made on the basis of sound scientific information, particularly a robust description of the 
extent, variability and nature of the water resource.” This statement highlights the significance 
of this research topic and the need for continued improvement in understanding the GAB 
groundwater resource.  
 
1.2 Geological and Hydrogeological Background 
 
The sedimentary formations of the Surat and Clarence-Moreton Basins form the eastern part 
of the GAB. The Clarence-Moreton Basin is separated from the Surat Basin by the north-south 
running Kumbarilla Ridge. To the east of this ridge is a complex series of ridges and troughs 
where the formations of the GAB extend into the Clarence-Moreton Basin (Hamilton, Esterle 
& Sliwa, 2014). In the Surat Basin the major basement sandstone units are described as: The 
Precipice Sandstone, the Evergreen formation (overlies Precipice) and the Hutton Sandstone 
(overlies Evergreen) (Figure 3). In the Clarence-Moreton Basin similar basement formations 
are subject to different nomenclature, which are often grouped as the Marburg Subgroup 
(Figure 3). The Gatton Sandstone being a major formation in this subgroup (Hamilton et al., 
2014).  
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Initial deposition in the Clarence-Moreton Basin began with late Triassic to early Jurassic 
continental sedimentary successions known as the Woogaroo Subgroup that consist of coarse 
grained, dominantly quartzose sandstone, siltstone, shale conglomerate and coal. As 
deposition continued through the early and middle Jurassic, it became progressively finer 
grained and more lithic and feldspathic rich, producing the Gatton/Helidon Sandstone and 
Koukandowie formation which make up the Marburg Subgroup. This period of deposition 
ended in the middle Jurassic with the Walloon Coal Measures, a formation of shales, siltstones 
and sandstones with minor coal seams (Pearce, Hansen & White, 2007). These units have since 
been overlain by the Tertiary Main Range Volcanics, a dominantly basaltic unit that forms flat 
lying plateaux’s around the western margin of the basin, and extensive Quaternary alluvium 
that occurs along creeks and flood plains throughout the basin (Pearce et al., 2007). 
In the present-day groundwater can be found in the sedimentary formations of the Clarence-
Moreton Basin as well as the overlying volcanic and alluvial units (Pearce et al., 2007). In the 
Lockyer Valley region, the Clarence-Moreton Basin formations are known to be over 700m 
thick. The aquifers contained within these formations have a range of different 
hydrogeological properties related to their varied lithologies (Pearce et al., 2007). The 
sandstone units of the Woogaroo Subgroup are very porous, of high permeability and are 
largely unconfined. The Marburg Subgroup formations are predominantly finer than the 
Woogaroo Subgroup with lower porosity and permeability. Groundwater occurs in these units 
at depths ranging from very shallow to over 100m and is found in porous and fractured rock 
aquifers under unconfined and semi-confined conditions. The shales and siltstones of the 
Walloon Coal Measures have low porosity are not considered a groundwater resource (Pearce 
et al., 2007). 
The alluvial aquifers of the Lockyer Valley region occur along drainage pathways and flood 
plains and are made up of unconsolidated coarse gravel and cobles with varying amounts of 
clay and sand (Pearce, Hansen & White, 2007). Grains consist of basaltic and sandstone rock 
fragments derived from the surrounding sedimentary and volcanic formations. Larger basaltic 
fragments dominate up stream while downstream finer more rounded sandstone grains 
dominate (Pearce, Hansen & White, 2007). Groundwater bores in the region have shown the 
alluvium to be 20-30m thick in the central drainage pathways, thinning towards the margins 
(Cox & Wilson, 2014). Water levels in the alluvial units respond rapidly to rainfall and are 
strongly influenced by prolonged dry periods. Hydraulic conductivities in the alluvial aquifers 
are estimated to be in the region of 50-80 m/day (Wilson, 2004). 
 
 11 
Figure 3. Chronostratigraphic chart for the Surat and Clarence-Moreton basins (modified from Hamilton 
et al., 2014). 
 
Continuity between the Surat Basin and Clarence-Moreton Basin basement formations is 
poorly described. Different nomenclature between basins is not necessarily indicative of 
discontinuity. The Evergreen Formation in the Surat Basin, for example, is laterally continuous 
with the Marburg Subgroup in the Clarence-Moreton Basin (Figure 3) (Cook & Draper, 2013).  
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Hodgkinson, Hortle & McKillop (2010) prepared conceptual flow nets for the Surat Basin 
sandstone basement formations (Hutton, Evergreen and Precipice) using existing data from 
formation pressure tests and potentiometric head measurements. This work was later 
updated by Hodgkinson & Grigorescu in 2012. The south eastern regions of these flow nets 
show east to west flow in the Hutton and Evergreen formations, however the Precipice 
formation shows west to east flow with indicated discharge into the Clarence-Moreton Basin 
(Figure 4). 
 
Figure 4. Flownets for Hutton Sandstone, Evergreen Formation and Precipice Sandstone (Hodgkinson & 
Grigorescu, 2012). 
 
Preliminary work by Jim Underschultz, Sue Vink and others has identified the Helidon/Lockyer 
Valley as a potential discharge point for this west to east flow. While it is understood that 
there is a groundwater divide between the Surat and Clarence-Moreton Basins the 
characteristics of this divide are poorly understood. A shallow water table divide occurs in this 
region in alignment with the Great Dividing Range (Kellett, Radke, Ransley, Bell & Stewart, 
2012). A basement high also occurs in this region which has been informally referred to as the 
‘Helidon Ridge’, this structure creates a deeper groundwater divide (Figure 2). The 
combination of these two structures creates a complex groundwater divide that is thought to 
vary with hydrostratigraphic level (Kellett et al., 2012).  
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2. Methodology 
 
A multi-pronged hydrochemical approach was applied utilising major ion, trace element, 
stable isotope (d2H, d18O and d13C) and radon measurements to assess potential artesian 
discharge from the underlying GAB to the local alluvial aquifers and creeks. Groundwater bore 
data and samples collected from creeks in the study area were analysed and compared.  
 
 
2.1 Groundwater Data 
 
The primary data source for this study was the Queensland Government Groundwater 
Database (QGGWD) (Department of Natural Resources, Mines and Energy, 2018). Preliminary 
assessment of the data contained within the groundwater database was used to determine 
how many groundwater bores were present in the study area, their spatial distribution and 
which hydrogeological units within the study area had available hydrochemical data.  
 
Thorough examination of these database tables revealed a number of errors and naming 
inconsistencies including inconsistent, non-descript or missing formation descriptions and 
missing or incomplete chemical data. Bores with missing or non-descript formation 
descriptions or missing chemical data were removed and formation name discrepancies 
corrected.  
 
Major ion data contained within the WATER ANALYSIS table were converted into 
milliequivilants per litre and a charge balance error calculated for each bore. Any bores with 
an ionic imbalance not within ±10% were removed from the dataset.  
 
Chemical data with values below detection limit, indicated by a < symbol, were imputed using 
the R package zCompositions via the log ratio Data Augmentation function which is based on 
the log ratio Markov Chain Monte Carlo Data Augmentation algorithm (Palara-Albaladejo & 
Martín-Fernández, 2015). This approach provides a means of estimating values below the 
detection limit that preserves the relative structure of the data.  
 
The finalised dataset comprised 877 samples, each with a known aquifer formation and 
chemical composition. Chemical data retained for analysis included only the most reliable and 
widely available data, primarily major ions: Na+, K+, Ca2+, Mg2+, HCO3- (CO32-), Cl- and SO42- as 
well as F- and NO3-. 
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2.2 Field Methods 
 
Four field trips to the Lockyer/Helidon region were undertaken on the 25th May, the 9th August, 
the 20th August and the 13th September 2018. These trips were used to collect water samples 
from streams and springs in the region. Google Earth Pro and the Queensland Globe Plug-in 
were used to identify points where roads/public land and creeks or potential springs 
intersected. These points of easy access were initially investigated and then, where possible, 
additional access was sought through seeking permission from relevant land owners.  
 
A total of 20 field sites (Table 1) in the region were visited with water samples being taken 
from 19 of them. Each site has been given an individual site number, for ease of identification, 
as well as an individual site name. The 20 sites represent 5 different creeks and 2 springs. 
 
 
 
Table 1. Summary of field sites including location and sampling details. 
 
Soda Spring Creek, Murphys Creek, Lockyer Creek and Ma Ma Creek were the main creeks 
sampled, with additional samples collected from Spring Bluff and Unnamed Creek which are 
small tributaries to Murphys Creek. Sample 1 was taken near the start of Soda Spring Creek 
where water was flowing and had accumulated in an extended low-lying area. Sample 16 from 
further down Soda Spring Creek nearer the confluence with Lockyer Creek did not show the 
same flow conditions, the sample was taken from a small pool of water in low section of the 
creek. Samples 12-15 were taken from pools along Lockyer Creek with large sections with no 
surface water in-between. The size of the pools generally decreased with distance down 
Lockyer Creek. No sections of Lockyer Creek exhibited flow conditions. Samples 2-5 were in 
the lower section of Murphys Creek where conditions varied from disconnected pools to some 
surface flow. Further up Murphys Creek sites 6, 9, 10, 11 and 20 showed more constant flow 
Site Number Site Name Creek name Sample date Sample time Latitude Longitude
1 Soda Spring Creek Soda Spring Creek 25/05/18 9:46 AM -27.574240 152.106085
2 Murphys Creek Campground Murphys Creek 25/05/18 12:14 PM -27.481781 152.088377
3 Mill Road Waterhole Murphys Creek 25/05/18 12:49 PM -27.495360 152.089318
4 156 15 Miles Road Murphys Creek 9/08/18 8:30 AM -27.463707 152.072535
5 Freya Street Murphys Creek 9/08/18 9:30 AM -27.460317 152.060797
6 Orchid Road Murphys Creek 9/08/18 10:00 AM -27.468647 152.004764
7 Spring Bluff Soda Spring Creek 9/08/18 10:42 AM -27.463729 151.975086
8 Hanleys Road Murphys Creek 9/08/18 11:24 AM -27.489660 151.967734
9 2108 Murphys Creek Road Murphys Creek 9/08/18 11:36 AM -27.477501 151.968006
10 Kisop Bridge Murphys Creek 9/08/18 12:11 PM -27.468746 151.979190
11 2020 Murphys Creek Road Murphys Creek 9/08/18 12:40 PM -27.473099 151.971780
12 Lockyer Siding Road Lockyer Creek 20/08/18 9:40 AM -27.506861 152.080728
13 James Norman Hedges Park Lockyer Creek 20/08/18 10:40 AM -27.552552 152.122767
14 Flagstone Creek Road Lockyer Creek 20/08/18 11:40 AM -27.572628 152.140699
15 Murphys Bridge Lockyer Creek 20/08/18 12:40 PM -27.562960 152.122510
16 Granny Williams Bridge Soda Spring Creek 20/08/18 1:00 PM -27.571776 152.121040
17 Hilgavale Road Ma Ma Creek 13/09/18 10:00 AM -27.711960 152.125481
18 2092 Murphys Creek Road Unnamed Creek (spring) 13/09/18 3:30 PM -27.472564 151.967870
19 2092 Murphys Creek Road Unnamed Creek 13/09/18 3:30 PM -27.472564 151.967870
20 2092 Murphys Creek Road Murphys Creek 13/09/18 4:30 PM -27.474121 151.969120
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with contribution from small tributaries on the northern side of the creek including Spring 
Bluff and Unnamed Creek. Sample 7 was taken at the source of Spring Bluff where water was 
discharging directly from the soil forming a small creek. Unnamed Creek had the most flow 
and a number of points were water was discharging from the soil were found along its banks. 
Sample 18 was taken from the centre of the creek and sample 19 was taken directly from one 
of the points of discharge. Sample 17 was taken from a pool on Ma Ma Creek, this was the 
only body of water found along the whole extent of Ma Ma Creek during the sampling period.  
 
Water samples were collected at each site using an extendable water collection device. This 
ensured that samples were collected from the centre of each body of water, where 
disturbance and contamination were lowest. Three 1L high-density polyethylene (HDPE) 
bottles were filled at each site. These were rinsed 3 times with water from the collection site 
before being filled and sealed with no head space. The samples were stored in a cool box for 
the duration of each field trip. In-situ parameters were measured directly in the creek or spring 
using a YSI ProDSS handheld multiparameter water quality meter, which recorded water 
temperature, dissolved oxygen, electrical conductivity and pH.   
 
 
2.3 Laboratory Methods 
 
All samples were stored at 4oC in the Hydrogeology Laboratory at the University of Queensland. 
One bottle of each sample was split for titrations and radon measurements, one was filtered 
and prepared for further analysis and one was kept as a backup. Filtering was done using 
either a syringe and 45micron syringe filter tip or a vacuum filter with 45micron Sartorius 
nitro-cellulose filter paper. All equipment used was cleaned with deionized water before use 
and between samples to avoid contamination.  The filtered portion of each sample was split 
and stored in two 125mL HDPE bottles for further analysis. The sample for cation analysis was 
acidified with 15.8 M nitric acid (HNO3-). 
 
Radon (222Rn) activities in surface water were determined using a RAD-7 portable radon-in-air 
monitor (Durridge Company Inc., 2014) following methods described by Burnett and Dulaiova 
(2006) and are expressed in Bq/m3 of water. 0.25 L of sample was collected by bottom-filling 
a glass flask and Rn was degassed for 5 minutes into a closed air loop of known volume. 
Counting times were 1-2 hours for all samples. Typical relative precision is < 3% 10,000 Bq/m3 
and ~10% at 100 Bq/m3.               
 
Filtered acidified samples were analysed for cations and trace metals at The University of 
Queensland Geochemistry Laboratory by inductively coupled plasma optical emission 
spectrometry (ICP-OES) and inductively coupled plasma mass spectrometry (ICP-MS). Anion 
analysis was carried out at the University of Queensland Hydrogeology Laboratory using a 
Thermo Scientific Dionex Ion Chromatograph (ICS). Precision for major ion concentrations was 
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calculated from replicate samples and is ±2%. Concentrations of carbonate species were 
determined using a Hach Universal Digital Titrator Test Kit. 100mL of sample was mixed with 
a phenolphthalein indicator and titrated until the indicator turned bright pink, the titration 
digits gave results of dissolved CO2 in mg/L. Another 100mL of sample was mixed with a 
bromocresol green-methyl red indicator and titrated until the indicator turned green, the 
titration units gave results of CaCO3 in mg/L which was converted to mg/L of HCO3- by 
multiplying by a conversion factor of 1.22.  
 
Stable isotope analyses were undertaken on filtered samples at the Stable Isotope 
Geochemistry Laboratory within the University of Queensland (UQ-SIGL). Samples were 
analysed for d2H and d18O using an Isoprime dual inlet isotope ratio mass spectrometer (DI-
IRMS) coupled to a multiprep bench for online analysis. d2H values were analysed after online 
equilibration at 40°C with Hokko coils. d18O values were analysed after equilibration with 
carbon dioxide. d2H and d18O values were normalized to Vienna Standard Mean Ocean Water 
(VSMOW) following a 3-point normalization based on replicate analyses with international 
standards USGS45 and USGS46. All laboratory standards were calibrated against IAEA 
(VSMOW, SLAP, GISP). Accuracy and precision were better than ±1‰ for d2H and ±0.05‰ for 
d18O at 1s. Samples were analysed for d13C by a Thermo Delta V continuous flow isotope ratio 
mass spectrometer (CF-IRMS) coupled to a Gas Bench II. d13C values were normalized to 
Vienna Pee Dee Belemnite (VPDB) using international standards NBS19 and LSVEC via 2-point 
normalisation.   
 
  
 17 
3. Results 
 
3.1 In-Situ Parameters  
 
 
Site 
Number 
Creek Name Water temp. 
(°C) 
DO  
(mg/L) 
EC 
(µS/cm) 
TDS from 
EC (ppm) 
pH 
1 Soda Spring Creek 18.0 11.4 9376 6000 8.30 
2 Murphys Creek 17.8 5.1 558 357 7.77 
3 Murphys Creek 16.9 10.9 533 341 8.24 
4 Murphys Creek 8.1 3.8 1073 687 7.76 
5 Murphys Creek 9.2 3.8 1096 701 7.44 
6 Murphys Creek 9.2 10.2 448 286 8.20 
7 Spring Bluff 10.2 10.1 249 159 7.85 
8 Murphys Creek 9.5 1.1 773 495 7.50 
9 Murphys Creek 10.7 9.5 986 631 8.17 
10 Murphys Creek 10.9 10.0 377 241 8.25 
11 Murphys Creek 13.6 9.6 372 238 8.31 
12 Lockyer Creek 12.3 7.3 899 575 7.80 
13 Lockyer Creek  11.3 6.4 1004 643 8.08 
14 Lockyer Creek 15.2 11.0 6418 4108 8.57 
15 Lockyer Creek  15.0 12.6 4085 2614 8.38 
16 Soda Spring Creek  15.9 13.9 8281 5300 8.55 
17 Ma Ma Creek  18.1 6.2 3450 2208 8.70 
18 Unnamed Creek (Spring)  19.7 7.3 228 146 7.53 
19 Unnamed Creek  18.3 7.3 323 207 8.06 
20 Murphys Creek 15.3 6.6 684 438 8.49 
Table 2. Summary of basic water parameters for field samples including, water 
temperature, dissolved oxygen, electrical conductivity, total dissolved solids and pH. 
 
PH of waters sampled were neutral to slightly basic and ranged from 7.44 to 8.70 (Table 2). 
Water temperatures ranged from 8.1 to 19.7°C (Table 2). No samples were anoxic with all DO 
values larger than 0.5mg/L, ranging from 1.1 to 13.9mg/L (Table 2). TDS varied greatly, the 
lowest values (146, 159 and 207ppm) were found at the springs by Unnamed Creek and at 
Spring Bluff. Soda Spring Creek had the highest values of 6000 and 5300ppm. Values in 
Murphys Creek were consistent, ranging from 238 to 701ppm while values in Lockyer Creek 
had a lot more variation, increasing downstream from 575 to 4108ppm (Table 2).  
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Figure 5. Summary of rainfall data for Helidon from April to September 2018 (Bureau of Meteorology Australia, 
2018). 
 
The Lockyer region experienced little rainfall prior to and over the sampling period of May-
September 2018, with an average monthly rainfall over this period of less than 10mm and only 
two 24-hour periods exceeding 4mm (Figure 5). This is much lower than the average monthly 
rainfall which ranges from 26.7 to 48.6 mm over this period (Bureau of Meteorology Australia, 
2018).  
 
During the sampling period the majority of creeks and streams in the region were dry. Lockyer 
Creek and Ma Ma Creek only had water in a few pools and exhibited no surface flow conditions. 
Soda Spring Creek and Murphys Creek were both flowing in their upper reaches and water 
was found discharging directly from springs at Spring Bluff (site 7) and Unnamed Creek (site 
18). 
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Figure 6. Location map showing field sites and creeks/streams in the Lockyer Valley region. Colours indicate the 
different creek systems, Lockyer Creek (Central), Ma Ma Creek (South-East), Murphys Creek (North-West), 
Soda Spring Creek (Central), Spring Bluff and Unnamed Creek (North of Murphys Creek). Creeks and rivers are 
classified according to the standard order beginning from the headwater creeks (1).   
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Figure 7. Detailed maps of field site locations. Sub-figure A shows the extent of Murphys Creek, its tributaries, 
where it joins Lockyer Creek and its sample locations. Sub-figure B shows the location of sample site 17 on Ma 
Ma Creek. Sub-figure C shows the Soda Spring Creek and Lockyer Creek sample locations and the confluence 
of Soda Spring and Lockyer Creeks. Sub-figure D shows were Unnamed Creek feeds Murphys Creek and the 
location of the sample sites in the locality.  
A 
D 
C B 
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Figure 8. TDS (mg/L) from the headwaters of Murphys Creek into Lockyer Creek. TDS changes slightly along 
the extent of Murphys Creek but increases greatly in Lockyer Creek between sample sites 13, 15 and 14.  
 
 
Figure 9. TDS (mg/L) along Soda 
Spring Creek and into Lockyer Creek. 
TDS decreases with distance along 
Soda Spring Creek and into Lockyer 
Creek.  
 
Downstream plots of TDS show that in Murphys Creek and upper Lockyer Creek TDS values 
are relatively constant with distance downstream. In lower Lockyer Creek TDS increases 
greatly with distance downstream while in Soda Spring Creek TDS decreases with distance 
downstream (Figure 8 & Figure 9).   
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3.2 Major Ions  
 
Site 
Number 
Creek name CO2 
(mg/L) 
HCO3- 
(mg/L) 
Cl-
(mg/L) 
SO4-2 
(mg/L) 
Ca+ 
(mg/L) 
K+ 
(mg/L) 
Mg+2 
(mg/L) 
Na+2 
(mg/L) 
TDS  
(mg/L) 
CBE 
1 Soda Spring Creek 152.0 445.3 2657.8 121.8 142.8 24.6 345.6 1778.7 5669 12.5 
2 Murphys Creek 36.0 133.0 89.3 5.1 28.8 4.4 45.3 51.0 393 14.3 
3 Murphys Creek 41.0 119.6 89.1 7.8 23.8 1.5 41.0 48.0 372 9.2 
4 Murphys Creek 77.0 291.6 158.0 14.9 66.3 2.5 84.1 101.2 796 13.1 
5 Murphys Creek 101.0 259.9 165.6 8.2 73.5 1.9 87.7 90.2 788 13.2 
6 Murphys Creek 81.0 100.0 81.3 4.1 20.7 1.5 38.9 41.1 369 1.6 
7 Spring Bluff 32.0 43.9 53.6 3.3 7.4 1.9 15.1 30.6 188 -0.5 
8 Murphys Creek 59.0 220.8 115.7 6.3 50.9 2.2 78.7 48.2 582 14.4 
9 Murphys Creek 76.0 284.3 136.6 9.0 61.7 2.7 98.3 74.4 743 16.3 
10 Murphys Creek 14.0 74.4 71.5 4.9 15.8 1.4 30.7 36.2 249 14.8 
12 Lockyer Creek 135.0 214.7 155.6 1.4 43.8 4.3 64.0 99.2 718 3.8 
13 Lockyer Creek 111.0 333.1 154.9 16.3 36.9 4.0 54.3 141.8 852 -0.4 
14 Lockyer Creek 218.0 760.1 1872.0 18.2 75.1 12.1 335.9 1129.6 4421 6.7 
15 Lockyer Creek 100.0 302.6 1205.6 34.1 163.5 5.3 376.6 399.2 2587 14.9 
16 Soda Spring Creek 272.0 890.6 2303.5 75.9 70.9 14.1 423.9 1468.3 5519 8.0 
17 Ma Ma Creek 140.0 449.0 821.8 0.0 101.4 6.6 358.2 328.0 2205 18.4 
18 Unnamed Creek  48.0 47.6 45.8 0.0 6.6 1.4 12.2 27.2 189 -10.7 
19 Unnamed Creek 46.0 69.5 68.5 0.1 11.6 1.5 25.0 32.5 255 -0.4 
20 Murphys Creek 75.0 251.3 102.4 <DL 37.3 2.6 60.9 60.2 590 4.6 
Table 3. Summary of field sample major ion concentrations and Charge Balance Error (CBE). 
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Figure 10. Piper Diagram of field samples. 
 
All field samples fall predominantly in the range of Mg to Na and HCO3 to Cl dominant (Figure 
10). All samples from Murphys Creek are Mg-HCO3 dominant except for sample 10 which is 
Mg-Cl dominant. Mg concentrations in Murphys Creek range from 30.7 to 98.3 mg/L, HCO3 
concentrations range from 74.4 to 291.6 mg/L and Cl concentrations range from 81.3 to 165.6 
mg/L (Table 3). Samples from Lockyer Creek are more varied. Sample 13 is Na-HCO3 dominant, 
sample 14 is Na-Cl dominant, sample 15 is Mg-Cl dominant and sample 12 is Cl dominant with 
no dominant cation. Na concentrations in Lockyer Creek range from 99.2 to 1129.6 mg/L, Mg 
concentrations range from 54.3 to 376.6 mg/L, HCO3 concentrations range from 214.7 to 
760.1 mg/L and Cl concentrations range from 154.9 to 1872.0 mg/L (Table 3). Samples 1 and 
16 from Soda Spring Creek plot closely to sample 14 from Lockyer Creek and are also Na-Cl 
dominant. Na concentrations in Soda Spring Creek samples 1468.3 and 1778.7 mg/L and Cl 
concentrations are 2303.5 and 2657.8 mg/L (Table 3). The two Unnamed Creek samples along 
with the sample from Spring Bluff are Mg-HCO3 and Na-HCO3 dominant, with Mg 
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concentrations ranging from 12.2 to 25 mg/L, Na concentrations ranging from 27.2 to 32.5 
mg/L and HCO3 concentrations ranging from 43.9 to 69.5 mg/L. The one sample from Ma Ma 
Creek is Mg-Cl dominant with a Mg concentration of 358.2 mg/L and a Cl concentration of 
821.8 mg/L.  
 
 
3.3 Trace Metals 
 
Table 4. Summary of field sample trace element concentrations including Aluminium, Barium, Cobalt, 
Chromium, Copper, Iron, Lithium, Manganese, Nickle, Silicon, Strontium and Zinc. 
 
Trace element concentrations in field samples were predominantly low, aluminium, cobalt, 
chromium, nickel and zinc were almost all below the detection limit. Lithium had some notably 
high concentrations of 0.185 and 0.083 mg/L in Soda Spring Creek samples while the samples 
from other creeks were in the range of 0.001 to 0.01 mg/L (Table 4). Lithium concentration 
decreases with distance down Soda Spring Creek and into Lockyer Creek (Figure 11). 
 
 
    
Site 
Number 
Creek name Al 
(mg/L) 
Ba 
(mg/L) 
Co 
(mg/L) 
Cr 
(mg/L) 
Cu 
(mg/L) 
Fe 
(mg/L) 
Li 
(mg/L) 
Mn 
(mg/L) 
Ni 
(mg/L) 
Si 
(mg/L) 
Sr 
(mg/L) 
Zn 
(mg/L) 
1 Soda Spring Creek <DL 0.16 <DL <DL 0.66 <DL 0.185 0.05 <DL 9.5 5.54 <DL 
2 Murphys Creek <DL 0.07 <DL <DL 0.01 0.01 0.001 0.00 <DL 3.2 0.30 <DL 
3 Murphys Creek <DL 0.03 <DL <DL 0.01 0.00 0.002 0.00 <DL 7.0 0.18 <DL 
4 Murphys Creek <DL 0.09 <DL <DL 0.03 <DL 0.003 0.03 <DL 9.3 0.68 <DL 
5 Murphys Creek <DL 0.08 <DL <DL 0.03 <DL 0.003 0.17 <DL 13.7 0.80 <DL 
6 Murphys Creek <DL 0.02 <DL <DL 0.02 0.08 0.001 0.03 <DL 13.2 0.19 <DL 
7 Spring Bluff 0.13 0.02 0.00 <DL 0.01 0.21 0.001 0.01 <DL 17.5 0.11 <DL 
8 Murphys Creek <DL 0.03 0.01 <DL 0.03 0.04 <DL 1.46 <DL 16.4 0.26 <DL 
9 Murphys Creek <DL 0.10 <DL <DL 0.03 <DL 0.001 0.01 <DL 11.9 0.43 <DL 
10 Murphys Creek <DL 0.02 <DL <DL 0.01 0.02 0.001 0.01 <DL 11.0 0.14 <DL 
12 Lockyer Creek <DL 0.06 <DL <DL 0.04 0.01 0.008 0.01 <DL 1.8 0.47 <DL 
13 Lockyer Creek <DL 0.09 <DL <DL 0.04 <DL 0.005 0.01 <DL 2.1 0.41 <DL 
14 Lockyer Creek <DL 0.48 <DL <DL 0.35 <DL 0.013 0.37 <DL <DL 1.56 <DL 
15 Lockyer Creek <DL 0.30 <DL <DL 0.23 <DL 0.006 0.02 <DL <DL 2.31 <DL 
16 Soda Spring Creek <DL 0.22 <DL <DL 0.52 <DL 0.083 0.07 <DL <DL 2.86 <DL 
17 Ma Ma Creek <DL 0.17 <DL <DL 0.24 <DL <DL 0.29 <DL <DL 1.19 <DL 
18 Unnamed Creek  <DL 0.06 <DL <DL 0.00 0.00 0.002 0.00 <DL 8.4 0.08 <DL 
19 Unnamed Creek <DL 0.03 <DL <DL 0.01 0.01 0.001 0.00 <DL 11.2 0.11 <DL 
20 Murphys Creek <DL 0.05 <DL <DL 0.03 <DL 0.001 0.01 <DL 10.2 0.30 <DL 
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Figure 11. Field sample lithium concentration map, the highest lithium concentrations are found in Soda Spring 
Creek while all other creeks sampled had concentrations below 0.01 mg/L.  
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3.4 Radon  
 
 
Site 
Number 
Creek name Radon 
(Bq/m3) 
4 Murphys Creek 963 
5 Murphys Creek 4430 
6 Murphys Creek 441 
7 Spring Bluff 195 
8 Murphys Creek 1752 
9 Murphys Creek 11295 
10 Murphys Creek 337 
12 Lockyer Creek 928 
13 Lockyer Creek 497 
14 Lockyer Creek 252 
15 Lockyer Creek 149 
16 Soda Spring Creek 553 
17 Ma Ma Creek 224 
18 Unnamed Creek (Spring) 357 
19 Unnamed Creek 465 
20 Murphys Creek 723 
Table 5. Summary of field sample radon concentrations. 
 
Radon activities in field samples were predominantly low ranging from 149 to 11295 Bq/m3 
with an average of 1473 Bq/m3 and values below 1000 Bq/m3 in 13 out of the 16 samples 
analysed (Table 5). Three samples from Murphys Creek at site 5, 8 and 9 have notable high 
radon activities of 4430, 1752 and 11295 Bq/m3, respectively (Table 5). Site 8 and 9 are located 
in the headwaters of Murphys Creek whereas site 5 is close to the confluence with Lockyer 
Creek. Radon activities in Lockyer Creek range from 149 to 928 Bq/m3, with similar activities 
recorded in the other creek and spring samples (Figure 12).  
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Figure 12. Field Sample Radon activity map, the highest radon activities were found in Murphys creek at sites 9 
and 5, all other samples had activities below 2000 Bq/m3. 
 
 
  
 28 
3.5 Stable Isotopes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Summary of field sample stable isotope concentrations (δ18O, δ2H and δ13C). 
 
Site Number Creek name δ18OVSMOW‰ δ2HVSMOW‰ δ13C-DIC VPDB‰ 
1 Soda Spring Creek -5.0 -27 -8.6 
2 Murphys Creek 1.9 5 -5.8 
3 Murphys Creek -4.3 -22 -9.5 
4 Murphys Creek -3.0 -17 -10.5 
5 Murphys Creek -3.4 -18 -11.4 
6 Murphys Creek -4.6 -24 -10.7 
7 Spring Bluff -4.5 -25 -13.9 
8 Murphys Creek -3.4 -13 -11.9 
9 Murphys Creek -4.4 -24 -11.4 
10 Murphys Creek -5.0 -24 -7.3 
12 Lockyer Creek -1.5 -10 -8.7 
13 Lockyer Creek -0.6 -4 -2.5 
14 Lockyer Creek 1.9 7 -2.5 
15 Lockyer Creek -0.6 -5 -5.9 
16 Soda Spring Creek -3.1 -16 -9.1 
17 Ma Ma Creek 2.7 18 3.3 
18 Unnamed Creek (Spring) -5.2 -25 -14.4 
19 Unnamed Creek -5.0 -21 -12.8 
20 Murphys Creek -4.6 -22 -12.0 
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Figure 13. Plot of stable water isotope concentrations (δ18O and δ2H) in filed samples relative to VSMOW 
standards. Global and Brisbane meteoric water lines taken from IAEA/WMO (2015).  
 
The stable isotropic ratios of sample waters range from -5.2 to 2.7 d18O‰ and -26.9 to 18.0 
d2H‰ (Table 6). All 4 samples from Lockyer Creek as well as sample 2 (Murphys Creek) and 
sample 17 (Ma Ma Creek) fractionate from the meteoric water lines (IAEA/WMO, 2015) in an 
evaporative trend, with values ranging from -1.5 to 1.9 d18O‰ and -10 to 7  d2H‰ (Figure 13). 
The remaining samples are close to the meteoric water line of Brisbane (IAEA/WMO, 2015) 
and range from -5.2 to -3.0 d18O‰ and -27 to -13 d2H‰. The average local d18O and d2H 
compositions were calculated from the Global Network for Isotopes in Precipitation 
(IAEA/WMO, 2015) for Brisbane and are -4.2‰ and -20‰, respectively.  
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Figure 14. Plot of δ18O isotope concentration relative to VSMOW standard against TDS of field samples. 
 
d18O ratios are generally increasing with increasing TDS except for Soda Spring Creek samples 
which show an opposite trend to all other creeks with lower d18O at the site with highest TDS 
(Figure 14).   
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Figure 15. δ18O along Murphys Creek from the headwaters and into Lockyer Creek, there is a general trend of 
increasing δ18O ratios with a spike at site 2.  
 
 
  
Figure 16. δ18O along Soda Spring 
Creek and into Lockyer Creek, there is 
a trend of increasing δ18O ratios. 
 
δ18O ratios increase down Soda Spring Creek and into Lockyer Creek from -5.0 to 1.9 d18O‰ 
(Figure 16). δ18O ratios decrease slightly in the headwaters of Murphys creek and then show 
a general trend of steady increase which continues into Lockyer Creek, with the exception of 
site 2 which has a reading much higher than the rest of Murphys Creek (Figure 15).   
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3.6 Groundwater Data 
 
  
Mean  Median Minimum Maximum 
Clarence-Moreton Basin Sedimentary Formations 
pH 7.7 7.8 5.6 8.8 
TDS (ppm) 2966 2000 122 24660 
Alluvial Units 
pH 7.8 7.9 6.3 8.5 
TDS (ppm) 1991 1380 112 21328 
Volcanic Units 
pH 7.5 7.6 5.3 8.6 
TDS (ppm) 642 300 64 2529 
Table 7. Summary of TDS and pH values for the different 
aquifer formations in the Lockyer Valley region.  
 
TDS values from groundwater bores in the Clarence-Moreton Basin formations are, in general, 
higher than those from Alluvial units with average values of 2966ppm and 1991ppm 
respectively (Table 7). TDS ranges are similar for both the Clarence-Moreton Basin formations 
and the Alluvial units with minimum values approaching 100ppm and maximum values 
exceeding 20000ppm (Table 7). Volcanic units have the lowest TDS values in the region with 
an average of 642ppm and a maximum of 2529ppm (Table 7). pH differences between unit 
groups are less distinctive. The Clarence-Moreton Basin formations are more variable than the 
Alluvial units, with a range of 5.6 to 8.8 compared with 6.3 to 8.6, and fractionally lower with 
an average of 7.7 compared with 7.8. The Volcanic units have the lowest pH with an average 
of 7.5 and minimum of 5.3 (Table 7).  
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Figure 17. Piper Diagram of ground water bore data from the Lockyer Valley Catchment. 
 
QGGWD chemistry data for the Lockyer Valley region clearly show a broad range of chemical 
compositions. Groundwater from the Clarence-Moreton Basin formations are predominantly 
Na-HCO3 dominant with a trend towards Na-Cl dominant (Figure 17). Waters from the Alluvial 
units are far more varied ranging from Mg to Na and Cl to HCO3 dominant (Figure 17). Volcanic 
waters tend to be Cl dominant with no dominant cation (Figure 17).    
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Figure 18. Inferred depth from ground surface to potentiometric surface in the Clarence-Moreton Basin 
sedimentary formations. Calculated from data in the Water Level Table of the QGGWD using Inverse 
Distance Weighting. 
 
The inferred depth to the piezometric surface in the Clarence-Moreton Basin sedimentary 
formations varies greatly across the study area, ranging from as shallow as 2m below the 
surface to depths approaching 100m. There is a trend following the topography with shallower 
depths generally found in the lower lying areas in the centre of the valley, while greater depths 
are seen around the foot hills of the Great Dividing Range at the edges of the Valley. There are 
some notable points around lower Murphys Creek, Lockyer Creek and Soda Spring Creek 
sample sites where the inferred piezometric surface is particularly shallow (Figure 18).   
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4. Discussion  
 
Results from the analysis of surface water samples in combination with the examination and 
analysis of existing ground water data from the QGGWD is used for the comparison between 
the surface water and the different ground water sources in the Lockyer Valley region.  This 
comparison allows the inference of the source of groundwater discharge in the region, helping 
to generate a greater understanding of the connectivity between the hydrogeological 
formations and the processes occurring in the area.  
 
Rainfall over the sampling period was very low (Figure 5), it can therefore be reasonably 
assumed that base flow, to streams and creeks in the region, would have been at its most 
dominant during this time. If discharge from the Clarence-Moreton Basin sedimentary 
formations is occurring in this region, it’s contribution to streams and creeks would likely be 
more noticeable over this prolonged dry period.  
 
Examination and visualization of groundwater bore data from the QGGWD showed 
distinctions between major ion chemistry in the main hydrogeological units in the region. For 
the distinction of groundwaters by type, independent of concentration and to demonstrate 
mixing of different water sources the Cation-Chloride Ratio (CCR) index was used as per Owen 
and Cox (2015). The index simultaneously compares variability in major cation concentrations 
relative to chloride concentrations and is calculated by the following equation: CCR index = 
(Ca+Mg/Cl) – (Na+K/Cl). Waters with calcium and magnesium as the dominant cations plot 
positively on the CCR index while those with sodium as the dominant cation plot negatively. 
Values less than 1 and greater than -1 indicate that chloride concentrations accompany 
changes in major cation concentrations. Values outside of this range indicate that changes in 
major cation concentrations occur independently of chloride (Owen & Cox 2015). This can be 
used to infer hydrogeochemical processes such as evapotranspiration or mineral dissolution 
and also to determine end-member concentrations for distinct aquifer systems. By plotting 
the CCR index against HCO3/Cl trends from Cl as the dominant anion to HCO3 as the dominant 
anion can be distinguished. Utilising the CCR index has indicated a zone of mixing between the 
Clarence-Moreton Basin sedimentary formations and the overlying Alluvium (Figure 19). The 
Alluvial groundwaters predominantly have values between 0 and 1 on the CCR Index and 
HCO3/Cl ratios of approximately 0 to 3 (Figure 19). For these waters, the CCR index increases 
with increasing HCO3/Cl ratios. The Clarence-Moreton Basin formations have lower CCR Index 
values and higher HCO3/Cl values, ranging from 0.5 to -7 and 0 to 6, respectively. A large 
grouping occurs with values between 3 and 6 HCO3/Cl and -4 and -6 on the CCR Index (Figure 
19). These formations show a trend of decreasing CCR Index values with increasing HCO3/Cl 
values which indicates groundwater mixing between the Alluvial and the Clarence-Moreton 
Basin formations groundwaters towards a decreasing CCR index with increasing HCO3/Cl 
values (Figure 19).  
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Figure 19. Sub-plot A: CCR Index Plot of groundwaters in the study area, from the QGGWD 
with an inferred zone of increasing mixing between Alluvial and Clarence-Moreton Basin 
groundwaters. Sub-plot B: CCR Index Plot of surface water samples overlaid with the inferred 
zone of mixing from sub-plot A.  
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To assign spatial variability, alluvial groundwaters that fall within the zone of mixing have been 
split into 3 levels of increasing mixing with deeper aquifer groundwater; potential with CCR 
index values > -1, moderate with CCR index values between -1 and -3 and high with CCR index 
values < -3 (Figure 20). A large grouping of groundwaters with high inferred mixing is located 
in the region just downstream of the confluence of Soda Spring Creek and Lockyer Creek 
indicating that the alluvium and underlying aquifers are mixing in this area. 
 
Field samples were compared to the zone of mixing on the CCR index plot (Figure 19). Both 
samples from Soda Spring Creek and sample 14 from Lockyer Creek fall just inside the zone of 
mixing indicating that they are at least partially comprised of waters from the Clarence-
Moreton Basin aquifers. The location of sample site 14 on Lockyer Creek is just downstream 
from the confluence of Soda Spring and Lockyer Creeks and aligns closely with a group of bores 
with inferred mixing (Figure 20). Due to the 3 other sample locations further up Lockyer Creek 
not showing indicated mixing it is proposed that the mixing indicated at sample site 14 is due 
to the convergence and mixing of waters from Soda Spring Creek with Lockyer Creek.  Alluvial 
bores in the vicinity of Soda Spring Creek itself are sparse; however, the one in closest 
proximity to the top of the creek also has a high level of inferred mixing.  
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Figure 20. Location of QGGWD bores with levels of inferred mixing indicated from the CCR Index Plot 
(Figure 19) a large grouping of groundwaters with high inferred mixing are located near the confluence of 
Soda Spring and Lockyer Creeks. 
 
 
The high TDS values (6000 and 5300 mg/L) in Soda Spring Creek are an additional indicator for 
the waters being derived from the Clarence-Moreton Basin aquifers, especially when 
compared to other surface waters in the region (Table 2). Average TDS values in the Clarence-
Moreton Basin aquifers are higher than those in the alluvial aquifers (Table 7); however, TDS 
values in the alluvial aquifers can exceed these values, but this is commonly due to intensive 
evaporative in a few locations (Cox & Wilson, 2014).  
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A principle component analysis was undertaken on the major ion chemistry data (Na, Mg, K, 
Ca, HCO3, Cl & SO4) from field samples and QGGWD groundwater bores to further investigate 
the proposed discharge of Clarence-Moreton Basin waters at Soda Spring Creek (Table 8). The 
1st, 2nd and 3rd principle components explain 90% of the variance in the data and when viewed 
in 3 dimensions in a centred log-ratio biplot clearly show that the 2 samples from Soda Spring 
Creek fall in an area with a large number of Clarence-Moreton Basin data (Figure 21). This 
indicates that the major ion chemistry of the Soda Spring Creek waters is similar to that of the 
Clarence-Moreton Basin waters.  
 
Table 8. Centred log ratio Principle Component Analysis of QGGWD waters and field samples. 
 
 
Principle 
Component 
clr. Na 
 
clr. K clr. Ca clr. Mg clr. HCO3 clr. Cl clr. SO4 Cumulative 
Proportion Explained 
PC1 0.3340 0.5322 -0.2823 -0.4984 0.3847 -0.1389 -0.3313 0.6392 
PC2 -0.0905 0.0388 0.3456 0.3539 0.0576 0.1440 -0.8494 0.8222 
PC3 0.4354 -0.0053 -0.3015 -0.0628 -0.5593 0.6215 -0.1281 0.9007 
PC4 -0.3070 0.7128 0.2385 -0.0266 -0.5569 -0.1489 0.0882 0.9580 
PC5 0.1541 -0.2367 0.7042 -0.6394 -0.0807 0.0950 0.0035 0.9918 
PC6 -0.6556 0.0908 -0.1200 -0.2645 0.2762 0.6322 0.0409 1.0000 
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Figure 21. 3 Dimensional centred-log ratio biplot of the 1st, 2nd and 3rd principle components from the principle 
component analysis of major ion chemistry from field and database samples (Table 8). Soda Spring Creek 
Samples plot in a zone with Clarence-Moreton Basin waters while Lockyer and Murphys Creeks plot in a zone 
dominated by alluvial groundwaters. 
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Lithium was found in both Soda Spring Creek samples, as well as sample 14 from Lockyer Creek, 
in levels far elevated from other field samples. Concentrations decreased with distance from 
the top of Soda Spring Creek and into Lockyer Creek. While there is little data available in 
relation to lithium concentration in the Clarence-Moreton Basin waters some relevant links 
were made in relation to waters from Helidon Spa. Helidon Spa, located in the central Lockyer 
Valley approximately 5km to the north of Soda Spring Creek, was a mineral spring utilized 
throughout the 1800’s for drinking and bathing purposes (Griggs, 2013). Historically waters 
discharging at Helidon spa-water were known to be Na-HCO3 and Na-Cl dominant (Griggs, 
2013), this is in alignment with the dominant ions of the Clarence-Moreton Basin units in this 
region (Figure 22), suggesting that historically Clarence-Moreton Basin waters were 
discharging at Helidon Spa. Helidon spa waters were also noted to contain elevated levels of 
Lithium (Griggs, 2013), suggesting that elevated lithium content may be related to discharging 
Clarence-Moreton Basin waters in this region. While there is come uncertainty involved with 
this argument, it does add to the weight of evidence supporting the discharge of Clarence-
Moreton Basin waters at Soda Spring Creek.  
 
δ18O and δ2H values from Soda Spring Creek and into Lockyer Creek showed increasing 
enrichment and a smaller slope than that of the meteoric water lines, indicating an increasing 
level of evaporation with distance from the top of Soda Spring Creek (Figure 16 & Figure 13). 
TDS values, however, were shown to decrease with distance from the top of Soda Spring Creek 
(Figure 9) suggesting that high TDS non-evaporated waters are discharging near the 
headwaters of Soda Spring Creek and mixing with lower TDS more evaporated waters 
downstream.  
 
Radon levels were highest at sites 9 and 5 on Murphys Creek (Figure 12). However, there is 
little in the way of other evidence pointing towards Murphys Creek water being of Clarence-
Moreton Basin origin. Water chemistry suggests that it is more likely fed from the main range 
volcanics. Cook, Herczeg & McEwan (2001) suggest that, depending on the accessory minerals 
present, basalt can in some cases add significant radon to aquifer waters. Radon 
measurements of Soda Spring Creek were only taken at the second location along the creek 
(site 16) due to radon measurements not being taken on the first field trip. Radon levels at 
this location were not particularly high. The water at this site was a small pool with no visible 
inflow, suggesting that the water had been there for some time allowing radon to evade. A 
higher radon concentration would likely be found at field site 1, closer to the source of Soda 
Spring Creek where water was still under flowing conditions.  
 42 
 
Figure 22. Geology map of the study area showing surface geological units (Department of Natural Resources, 
Mines and Energy, 2018) and the approximate location of “Helidon Ridge” (Geoscience Australia, 2013). 
 
Soda Spring Creek is located right on the edge of the estimated location of the “Helidon Ridge” 
basement high (Figure 22). This elevated area in the basement formations is thought to create 
a deep basin divide which would likely also have an effect on the overlying Clarence-Moreton 
Basin aquifers. While no direct inferences can be made from this, it is conceivable that the 
close proximity of Soda Spring Creek to the location of the Helidon Ridge and the potential 
discharge of Clarence-Moreton Basin waters at Soda Spring Creek is not coincidental and that 
the basement high is having some effect on the hydrogeological processes occurring near to 
and at the surface. The inferred peizometric surface map for the Clarence-Moreton Basin 
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formations (Figure 18) confirms that Soda Spring Creek lies in an area where the water in the 
Clarence-Moreton Basin Aquifers has the potential to be discharging.  
 
 
5. Conclusion 
 
A multipronged hydrochemical approach has been successfully used to produce evidence 
suggesting that Clarence-Moreton Basin aquifer waters are discharging in the Lockyer Valley 
region. Major ion composition along with TDS, stable water isotope and lithium values indicate 
that water sampled at Soda Spring Creek is in part comprised of water from the Clarence-
Moreton Basin formations. This indicates that the Clarence-Moreton Basin aquifers and 
overlying alluvial aquifers are interconnected and that mixing between the two is occurring in 
this region.  Mixing between these aquifers and discharge of these mixed waters at the surface 
supports the hypothesis of eastward flow in the GAB formations in this region. The proximity 
of this area to the location of the proposed “Helidon Ridge” deep groundwater divide gives 
further weight to the idea that a complex stratigraphically variable ground water divide occurs 
between the Surat and Clarence-Moreton Basin in this region.  
 
It is suggested that the waters of Soda Spring Creek be further investigated in order to confirm 
their origin. Radon measurements should be carried out at field site 1 as well as further up 
Soda Spring Creek, if accessibility permits. In addition, it is suggested that age dating of waters 
from Soda Spring Creek be carried out utilising C14 and Cl36 dating. If these dating techniques 
indicate the presence of very old waters, it would strongly support these conclusions.    
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